John Finch was a gifted experimentalist who used X-ray crystallography and electron microscopy to elucidate the structures of important biological assemblies, particularly viruses and chromatin. When he started research in the 1950s, little was known about the structure of viruses, and the methods for investigating them were fairly limited. His early work on crystals of viruses was important in establishing their symmetry, and later with the electron microscope he mapped out the molecular structure of many virus coats. His observations on negatively stained preparations demonstrated that images of particles prepared in this way represented projections of fully stained embedded particles, not merely one-sided footprints. This was very relevant to the development of methods for making three-dimensional maps of specimens from electron micrographs. Later, besides further studies of viruses, he worked on many other systems, including chromatin, nucleosomes and tRNA. John was very much a team player and held an important place as the key experimentalist in many influential collaborations, investigating a diverse range of biological specimens.
flat was bombed. There he went to Wanborough School and then Commonweal Secondary School in Swindon from 1941 to 1943. On returning to London in 1943 he attended Latimer Upper School in Hammersmith, from where he won a Sambrooke Scholarship to King's College London. His entry to university was delayed until 1951 by National Service in the Royal Air Force. However, he had trouble with his back, which was diagnosed as a tubercular spine by the RAF hospital in St Athen in Wales. From there he was transferred to Rowley Bristow orthopaedic hospital near Woking in Surrey. The transfer was by Dakota aeroplane and John describes being very worried when all the crew came back to talk to him, leaving the plane on autopilot. At Rowley Bristow he was given a spine graft and immobilized in a plaster cast; after which he was given exercises to strengthen his back muscles. The whole procedure was clearly successful as he was able later to undertake a wide range of experimental tasks unimpeded.
As an undergraduate at King's College he read Special Physics, graduating in 1954. During his convalescence, John had a lot of time to read and think, and he decided that he would be interested in getting into biological applications of physics. Following a further hospital stay, an advertisement for a technical assistant from Rosalind Franklin at Birkbeck College, London, caught his attention. She appointed him to the position in 1955 and soon afterwards he also registered for a PhD. His official supervisor was Professor J. D. Bernal (FRS 1937) , as Rosalind did not have a university appointment.
At Birkbeck College
Bernal was head of the Department of Physics, but he had always had an intense interest in solving the structure of proteins, regarding this as an essential step towards understanding living processes. He had set up the Biomolecular Research Laboratory in 1948, occupying two houses in Torrington Square. In 1953 Rosalind Franklin moved there from King's College London to start work on the structure of viruses. The protein X-ray crystallography group was run by Harry Carlisle, who was attempting to solve the structure of ribonuclease. To assist him, a Nuffield Fellowship was advertised and Aaron Klug (FRS 1969 ; later Sir Aaron Klug PRS) was appointed and took up the position in 1953. It quickly became clear to Aaron that the ribonuclease project was going nowhere, so he left Carlisle's group and moved to an attic room next to Rosalind Franklin's room. At that time, she was studying by X-ray diffraction fibres of the rod-shaped tobacco mosaic virus (TMV) and crystals of the spherical turnip yellow mosaic virus (TYMV). She started talking to Aaron about the X-ray patterns of TMV, which displayed features characteristic of a helical structure, and a close collaboration quickly developed. When John arrived (Figure 1) , he was put to work on the virus crystals, while the other starting student, Ken Holmes, concentrated on TMV. Aaron acted as mentor to both, explaining the intricacies of X-ray diffraction.
Continuation of funding was always a problem and in late 1957 Rosalind and Aaron were invited to join the new Medical Research Council Laboratory of Molecular Biology (MRC LMB), then being planned in Cambridge. Sadly, Rosalind died in 1958, so Aaron took over her supervisory duties and both students, John and Ken, graduated in 1959. The close collaboration between John and Aaron lasted for 40 years.
John's first project on TYMV was technically demanding because of the very large unit cell (700 Å), then the largest that had been studied. After initial work with a powder camera to record the low-angle intensities, John used a precession camera mounted on a special highpower rotating anode tube at the Royal Institution, on which exposures were about six hours compared with 60 hours on a conventional X-ray tube. This work led to John's first two publications (1, 2). Besides crystals of the virus, there were also crystals of the protein shell of the virus without nucleic acid. Using characteristic absences in the diffraction patterns, the space group was shown to be cubic F4 1 3 with 16 virus particles in the unit cell. Aaron and John deduced that the particles were arranged in body-centred cubic packing with a pattern of orientations . . . AABBAABBAA . . . along the body diagonal, where A and B have orientations 90°apart. Comparing the patterns from the full and empty particles, they showed that the protein coat was likely to have icosahedral symmetry, with the nucleic acid having lower symmetry (4), in accord with earlier suggestions about the symmetry of the coats of small spherical viruses (Crick & Watson 1956 ). At the time it was not feasible to take the analysis to high resolution by X-ray diffraction, so John later turned to electron microscopy to study TYMV. John's second PhD project involved crystals of poliovirus, which were given to Rosalind in 1957 by Drs Schaffer and Schwerdt from Berkeley. There were problems then in working with a pathogen like poliovirus at Birkbeck and many staff were against it, understandably when polio was still a scourge in the 1950s. However, Sir Lawrence Bragg (FRS 1921), director of the Royal Institution, was very interested in the project and he allowed John to continue to use the X-ray set up there, even though the containment facilities were no better than at Birkbeck. Aaron wrote out a protocol for storing and handling the crystals, which were transferred to the School of Hygiene and Tropical Medicine, across the road from Birkbeck. John mounted them there and then took them to the Royal Institution for X-raying. Only crystals mounted in capillaries could be brought into the laboratory, with adequate supplies of neutralizing formaldehyde close by in case of accidents. The members of the group were vaccinated against polio with the newly available Salk vaccine. X-ray exposures were long, sometimes overnight, and, as someone had to be in attendance, John remembered the nighttime Royal Institution as an eerie place, with busts of past directors lit from the streetlights outside.
The first thing John had to do was to discover how to mount the crystals, as Rosalind had found that they dissolved when mounted in glass capillaries and attributed this to an alkaline reaction from the glass. Fused quartz capillaries were found to provide a suitably neutral medium. The crystals tended to degrade at room temperature, so had to be cooled to 5°C during X-ray exposure by a jet of cold dry air. This was a very early example of using cooling to improve crystal lifetime in X-ray protein crystallography. The crystals were remarkably well ordered, showing diffraction spacings to about 2 Å, and John and Aaron were able to deduce that the particles were arranged with body-centred cubic packing (3). Furthermore, they showed that the virus had icosahedral symmetry and proposed a model of 60 subunits arranged on a truncated dodecahedron. A large polystyrene model was constructed for display at the 1958 World Fair in Brussels, alongside a similar model of TMV. The study showed that poliovirus was rather similar to the small, spherical plant viruses also being worked on then, but the analysis was not taken any further.
Move to Cambridge

Spherical viruses
When John moved with the Birkbeck group to the LMB in Cambridge in 1962, soon after the laboratory had opened, he learnt how to use the electron microscope. Hugh Huxley (FRS 1960) was already there and he was in charge of the electron microscopes. Most of the work of the Klug group at that time still concerned virus structure. Purification was an important step in the work and the electron microscope provided a good way of checking the quality of the preparations. With Hugh's help, John became adept at using the microscope and started looking for specific structural information about the viruses they were studying.
By this time a technique for preparing particulate specimens, such as viruses, had been introduced by Huxley (1956) and later by formalized by Brenner (FRS 1965) and Horne (1959), who termed it 'negative staining'. The virus preparation was applied to the surface of a carbon-coated grid, washed with a solution of a heavy metal salt, such as uranyl acetate, lightly blotted and allowed to dry. This provided a stable specimen for imaging in the electron microscope, where the main contrast in the image came from the salt and the biological material appeared as regions of lower density in the stain coat; hence the term negative stain, due to the inverted contrast.
Caspar and Klug (1962) had just proposed their theory of quasi-equivalence, which specified rules for the arrangement of protein subunits in the coats of spherical viruses. The icosahedral symmetry established from the X-ray crystallographic studies could accommodate only 60 subunits in a completely symmetrical way. Many viruses needed larger shells than this to enclose the genetic material, so quasi-equivalence provided a rational way of making larger shells, still with icosahedral symmetry, but now with the coat subunits not all in exactly the same environments. The allowed patterns were predicted by considering the folding up of a planar hexagonal net onto the surface of an icosahedron. Only certain multiples of 60 subunits were allowed and the lowest so-called T-numbers were 1, 3, 4 and 7 ( Figure 2 ). A virus shell would then contain 60 T subunits. Depending on how the subunits were positioned, the subunits could become clustered into larger surface groupings that the stain could not penetrate. These surface features were termed morphological units, or capsomeres, and might comprise 30 T dimers, 20 T trimers or 12 pentamers with 10(T-1) hexamers. The stage was set for John and Aaron to investigate the nature of negative staining and to determine the surface structures of a range of viruses.
One group of viruses that they investigated in detail was the papilloma-polyoma viruses. Using material from the clinic at the nearby Addenbrooke's Hospital, they started with human wart virus. They quickly suspected that many of the interpretations of microscope images then in the literature were incorrect in terms of the number of capsomeres ascribed to the structure. In the first of a series of papers (6), they established that there were two kinds of staining represented in their images. Mostly, they found so-called two-sided images, in which the particles appeared to be embedded in stain so that features from top and bottom of the particle were superimposed in the image. But a small minority of images arose from particles that were stained on only one side. By tilting the specimen in the microscope, John created stereo-pairs of images, which showed that in one-sided images the stain lay between the particle and the carbon coat of the grid. Such particles were thus sitting in a shallow puddle of stain, whereas in two-sided images the whole particle was sitting in a thicker puddle of stain, so coated like a plaster cast. Two-sided images thus represented a superposition of viral features from the top and bottom of the specimen, that is to say a projection of scattering matter in the direction of the electron beam. By examining the stereo-pairs in detail, they showed by identifying the positions of 5-coordinated capsomeres that the structure corresponded to a T = 7 structure with 72 capsomeres, the first time a shell with this T number had been found. T = 7 lattices can exist in left-and right-handed forms and the stereo-pairs gave indications that wart virus was right-handed with T = 7d. Using Geodestix, a children's construction toy, they modelled the T = 7 lattice ( Figure 2 ) and created shadowgraphs, which gave an idea of the superposition patterns to be expected in two-sided images.
In the next paper (7) they studied rabbit papilloma virus. By depositing the papilloma virus on one side of the grid and rod-shaped TMV on the other, John ingeniously created stereo-micrographs in which the two sides of the grid were unambiguously identifiable. This confirmed that the lattice for human wart virus was right-handed T = 7d and showed the rabbit virus to be left-handed T = 7 l. It also allowed them to estimate the degree of flattening that affected the particles when the stain dried onto the grid. In the final paper of the series (9), they performed a much more detailed simulation of the images, using a computer plotter that had by then become available (Figure 3 ). John collected pairs of images with the specimen tilted by different amounts in the microscope and showed that the details in a given particle image changed in exactly the way predicted by the model. This was the most sophisticated analysis of viral capsid structure to date and the series of papers established clearly the nature of negative staining. Ironically, in later crystallographic work (Rayment et al. 1982) it turned out that all the capsomeres in these viruses were pentamers joined by flexible linkers, rather than the pentamers and hexamers predicted by the Caspar and Klug theory. Nevertheless, the description in terms of capsomeres was correct.
Sophisticated model-making of this kind became obsolete when DeRosier and Klug (1968) published their method for making three-dimensional maps directly from electron micrographs. The first specimen analysed was the helical tail of bacteriophage T4 and they used John's micrographs in their study. Two years later the method of reconstruction was generalized to icosahedral viruses, and once again John's excellent micrographs of human wart virus and tomato bushy stunt virus provided the crucial data (11). From now on the investigation of virus structure was by objective map-making and John determined the structure of the first example of a virus capsid with T = 4 symmetry (17).
Tobacco mosaic virus
After their move to Cambridge, the Klug group expanded their studies on the structure and assembly of TMV and John was involved in many aspects of the work. Research at Birkbeck had used X-ray diffraction from ordered gels to establish the overall size and helical symmetry of the rod-shaped virus particle, showing that the coat protein had 49 subunits in three turns of the basic helix. Now John used his newly acquired skills in electron microscopy to visualize the detailed sub-structure of the virus for the first time (5), showing some of the helical families of subunits on the viral surface that had been deduced indirectly from the X-ray work. Later, using optical diffraction from the micrographs, he showed that strong periodicities seen in the images coincided with those seen in the X-ray patterns, confirming that drying in negative stain had not significantly distorted the structure (10). Finally, for the gross morphology of the virus, John showed by clever tilting experiments (Figure 3 ) that the basic helix of TMV is right-handed (14). From the X-ray experiments it had not been possible to deduce the absolute hand of the helical families, so this was an important finding. What John showed was that a small tilt of about 6°normal to the long axis of the particle produced images which looked smooth on one side and serrated on the other. Correlating the sidedness with the known and a computer simulation of each image in (iii), demonstrating that the pattern arises from superposition of the two sides of the particle; (e) images of a tobacco mosaic virus particle tilted in the microscope by ±6°, showing that at −6°the image is rather smooth on the left edge but spikey on the right and that this reverses in the + 6°image, enabling the absolute hand of the helical family to be determined.
(Reproduced with permission from references (9) and (14).) absolute hand of tilting enabled him to determine the handedness of the basic helix that gives rise to this asymmetric appearance. In parallel with the investigation of the intact virus, smaller aggregates of the coat protein were also studied, in particular the two-layered disk (Figure 4) . The idea was to get crystals suitable for determining an atomic structure of the coat protein by X-ray crystallography. There had been some uncertainty about the symmetry of the disk, but by using X-ray crystallography and electron microscopy John and his colleagues showed that it consisted of two layers of 17 subunits (8) . Later analysis of stacked-disk aggregates strongly suggested that the two rings of subunits forming the disk point in the same direction, so that the disk is a polar structure (12) . This paper was presented at a Royal Society discussion meeting on 'new developments in electron microscopy with special emphasis on their application in biology' (Huxley & Klug 1971) . The subunit packing is thus very similar to that in the virus, in which there are 16 1/3 units per turn of the basic helix. The various states of aggregation of the protein were mapped out showing a phase diagram against pH and ionic strength, which detailed transitions between disk and helical forms (13). The disk was then shown, rather unexpectedly, to play an important part in the assembly of the virus itself (Butler & Klug 1971) . Initiation is by the interaction of a protein disk with a specific sequence of about 50 nucleotides near the 5 end of the RNA. This gives the specificity for packaging of viral RNA over other cellular RNAs. With P. J. G. Butler, John then showed that viral assembly is much faster when coat protein is added as disks rather than smaller aggregates (16) . During assembly, the uncoated part of the RNA is folded back down the central hole in the growing particle (21) . The TMV structural studies culminated the structure of the virus by X-ray diffraction from ordered gels (Stubbs et al. 1977 ) and the atomic structure of the disk by X-ray crystallography (Bloomer et al. 1978) . The combination of structural and biochemical studies gave a detailed description of the mode and specificity of assembly of the viral particle.
Nucleic acid structures Towards the end of the work on TMV, John became involved in attempts to solve the structure of transfer RNA by crystallography. Transfer RNAs (tRNAs) are small RNAs that carry the amino acids to the ribosome to add to the growing polypeptide chain in the course of protein synthesis. At first, the crystals were of poor quality and it was some time before suitable crystals of the phenylalanine tRNA from yeast were produced (15) . The crystals were solved using heavy atom derivatives and the atomic structure of a tRNA was revealed for the first time (18) . The topic was somewhat controversial at the time, as a group at MIT in Boston had slightly earlier published a different model for the same tRNA, but the Cambridge model proved to be the correct one. John's skills with crystallography of RNA were later called on again when the structure of an all-RNA self-cleaving ribozyme was solved and a mechanism proposed for its catalytic cleavage (32). Another crystallographic nucleic acid structure where John was involved concerned a DNA duplex containing a run of six A-T base pairs. The region was shown to possess special structural features, including a system of bifurcated hydrogen bonds, which explained some of the properties of the homopolymer (29) .
Chromatin
In the 1970s John started to work with others on the structure of chromatin. At that time the manner of compaction of the genetic material, the DNA, in the cell nucleus was unknown and various models had been suggested. Kornberg (1974) had proposed that, based on the results of previous biochemistry and electron microscopy published by others, the basic structure of chromatin consisted of a flexible chain or nucleofilament of repeating structural units, termed beads or nucleosomes, of about 100 Å diameter. In the model, each bead consisted of about 200 bp of DNA wrapped around a compact core containing eight histone molecules, two each of the four major types. John took electron micrographs of purified fractions of chromatin briefly digested with nuclease and showed that the number of beads he saw in each fraction agreed with the molecular weight on a sucrose gradient of that fraction and with the discrete size of the DNA fragment in the fraction as a multiple of 200 bp (19) . This confirmed the Kornberg model and showed that in native chromatin the beads on a string were touching each other with very little space between. Soon afterwards he and Aaron published their solenoidal model for the next higher order structure in chromatin (20). John's micrographs of negatively stained and of shadowed chromatin that had been briefly digested with micrococcal nuclease showed solenoidal structures with a pitch of about 110 Å and a diameter of about 300 Å. They suggested that these represented supercoiled nucleofilaments and that the family of 110 Å reflections seen in the X-ray diffraction patterns of chromatin arose from the observed 110 Å pitch.
From here the studies moved on to try to determine the atomic structure of the nucleosome, but this proved difficult to achieve because the initial crystals were of poor quality. Many rounds of improvements were needed, and John was closely involved in the evaluation, data collection and interpretation at each stage. The initial crystals diffracted X-rays to only about 20 Å, but this was sufficient to show that the nucleosome was a flat particle of dimensions about 110 × 110 × 57 Å, somewhat wedge-shaped and strongly divided into two layers, consistent with two turns of DNA being wrapped around the outside of the particle (22). An electron density map of a projection of the crystal was computed by combining signs calculated from the Fourier transform of an electron micrograph of a thin crystal with the X-ray diffracted amplitudes, showing John's skills in both areas. In this crystal form, there were three nucleosomes in the asymmetric unit and John selected some additional signs to make the three nucleosomes as similar as possible. During attempts to crystallize the histone core of the nucleosome, hollow tubular arrays were observed, and these proved suitable for image analysis from John's electron micrographs. The histone octamer was shown to be a left-handed helical spiral with a 2-fold axis of symmetry, on which two turns of superhelical DNA could be wound (23). The model proposed that the histone (H3) 2 (H4) 2 tetramer formed a dislocated disk, which would define the central turn of the DNA, while the two H2A-H2B dimers lay one on each face, each of which would be associated with half a turn of DNA. By this time, better-ordered crystals from improved preparations had been grown with just a single nucleosome in the asymmetric unit of the crystal (25). These crystals were used by John in a collaboration with a group in Grenoble to study the core crystals by neutron diffraction (24, 26). By using contrast variation with different ratios of deuterium oxide to water, where, depending on the ratio, either the protein or the DNA dominated the scattering, they showed that indeed the DNA was wrapped around a histone protein core, in agreement with earlier findings by low-angle neutron solution scattering from nucleosomes (Pardon et al. 1975) . Eventually a 7 Å X-ray crystallographic structure was determined (27) , which revealed directly for the first time the kinked superhelix of DNA making extensive interactions with the histones. At this point, the crystal project moved to Zürich from where, after many more improvements to the preparations, an atomic structure was eventually published (Luger et al. 1997) . John was involved in one more chromatin collaboration, which showed by comparing sea urchin sperm chromatin with chicken chromatin that the overall 300 Å solenoidal structure he and Aaron had proposed earlier (20) was invariant with respect to differences in the length of linker DNA between nucleosomes (28). In all these chromatin-related projects, John's experimental skills and structural insights were crucial to progress, especially at the early stages when crystal quality was poor and preparations still messy.
Another paper worth mentioning here arose from a sabbatical visit by Venki Ramakrishnan (FRS 2003) to LMB, where he worked closely with John. This was the crystal structure of the globular domain of histone H5, a histone associated with linker DNA in inactive chromatin in avian erythrocytes (31) . Partly as a result of this visit, Venki later became a group leader at LMB. He went on to win the Nobel Prize in Chemistry in 2009 for his work on the structure of the ribosome and to become President of the Royal Society in 2015.
Human immunodeficiency virus
The 1990s were a time of intense work on human immunodeficiency virus (HIV), which had been shown to be the agent causing the epidemic of acquired immunodeficiency syndrome (AIDS). A group at LMB was studying the mode of action of one of the viral control proteins called rev and John took micrographs to show how RNAs carrying a specific feature called RRE were coated by rev and turned into rod-like filaments extending over hundreds of nucleotides (30).
After his official retirement in 1995, John collaborated with a group in Utah on another HIV project concerned with the structure of the unusual conical core of the assembled virus. A method was developed for producing artificial cores with expressed nucleocapsid protein and different RNA templates (33) . The synthetic cores displayed a discrete series of cone angles, consistent with the shells being fullerene cones made from rolled-up hexagonal lattices with the necessary 12 pentagons being distributed between the two closing end caps. The most populated class had a cone angle equal to that observed in authentic viral cores. Further moredetailed work, using cryo-microscopy and helical image analysis on cylindrical assemblies of the capsid protein, yielded maps into which the atomic crystal structure of the capsid protein could be fitted (34). These two structural projects on the HIV capsid combined John's expertise in icosahedral geometry and in helical analysis, gained many years earlier from his work on simpler spherical and rod-shaped viruses.
History of LMB
When he had finished with the HIV projects, John took on the job of preparing an informal history of LMB, encouraged by the then director of the Laboratory, Richard Henderson (FRS 1983). It was Soraya de Chadarevian (whose scholarly monograph Designs for life had been published in 2002) who suggested that a family history of LMB itself would be valuable. It proved to be an enormous undertaking and it was not until 2008 that the book appeared under the title A Nobel fellow on every floor (35). Published by the Laboratory itself, and still available from the LMB Archive Office, it gave a brief history of the Laboratory and of many of the individuals who had worked there, including scientists, students and technical and support staff. As well as providing scientific portraits of members of staff, it captured many of the key scientific discoveries and enabling technologies that powered the rapid development of molecular biology in the second half of the twentieth century.
Personal and family life
John was a friendly and helpful person, but also modest and self-effacing. Witness his comments in the section on the Royal Society form asking for suggestions for people who might be asked to write a biographical memoir: 'I cannot think of anyone who would want to do this or anyone who would want to read the result. Sorry.' We trust he would not have been unhappy with our efforts and hope we have given an impression of the wide variety of biological systems to whose structural understanding he contributed. He did not give many lectures or attend many meetings or conferences. His influence in the field was mainly through his published papers and through his extensive interactions with those with whom he collaborated, who found him an invaluable colleague. For many years he acted as senior librarian at LMB, supervising additions of books and journals to the growing collection. He was also involved in undergraduate teaching in the university and was a demonstrator in the Part I Physics practical optics classes in the Cavendish Laboratory. He acted as a supervisor at Peterhouse from 1965 to 1995 for those students taking the Crystalline State option in the Natural Sciences Tripos and his hands-on experience of many aspects of crystallography was greatly appreciated by the students.
John and Ann were married on Sark in the Channel Islands in 1958 and had four children, Simon, Andrew, Tabitha and Selina ( Figure 5 ). Ann was a school nurse for 20 years, visiting schools to keep an eye on children's welfare and to give health advice. During John's wartime evacuation he had worked on a farm and subsequently went back there on holiday. He decided that he enjoyed living in the country rather than in town, so when they moved to Cambridge they lived in villages outside Cambridge, first at Hauxton and then latterly at Swaffham Prior. John was a keen gardener and one of his first jobs on coming in from LMB was to check the garden and water the plants. In Swaffham they had easy access to the Fen, where they could enjoy walking and exercising their dog. They bought a camper van and travelled with the family most summers in the countries of Western Europe. John used the van to take the boys and their friends to scout camp each year. They also had a cottage, which they loved, on the Suffolk coast at Westleton near the Minsmere Nature Reserve, where they spent many weekends and holidays. Ann remembers them getting up early and walking on the beach with the dog before anyone else was around. The place gave good opportunities for bird watching, which they both enjoyed, and they became members of the Suffolk Ornithological Society. They also made foreign bird watching trips to places such as New Zealand, Belize and twice to the USA. The church was an important part of their lives and they regularly attended the church of Saint Mary in Newmarket, where John's funeral was marked by a requiem mass.
K. C. Holmes FRS
Kenneth Holmes studied physics at Cambridge. For his PhD, he worked with Rosalind Franklin on the molecular structure of tobacco mosaic virus (TMV) at Birkbeck College, London. Aaron Klug and John Finch were working on the structure of spherical viruses in the same research group. The group moved to the new Laboratory of Molecular Biology in Cambridge after the early death of Rosalind Franklin, where Holmes continued to use X-ray diffraction to study the structure of TMV and muscle proteins. In 1968 he became a director at the Max Planck Institute for Medical Research in Heidelberg, Germany. He also worked at the Deutsches Elektonen-Synchrotron (DESY) in Hamburg, where he designed the first X-ray beamline for biological research. He continued to work on the structure of actin and, with Hugh Huxley, elucidated how muscles contract.
